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[Amendments: Figures 4A and 4B have been incorporated into the text of the translation.] 

Claims 

1. An ultrasonic diagnostic device characterized by comprising a probe to transmit and 
receive ultrasonic waves to and from a subject to be tested; Doppler detection means to detect 
Doppler signals from blood flow information inside said subject by scanning with the probe; 
velocity-computation means for receiving digital signals of the Doppler signals from the Doppler 
detection means and carrying out computation of blood flow velocity from the digital signals; 
frame memory to write blood flow velocity data obtained after single scan; acceleration 
computation means to compute acceleration using the data readout from the frame memory and 
current blood flow velocity data; control means to control the acceleration computation means; 
and display means to display the output of the acceleration computation means. 
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2. An ultrasonic diagnostic device characterized by comprising a probe to transmit and 
receive ultrasonic waves to and from a subject to be tested; Doppler detection means to detect 
Doppler signals from blood flow information inside said subject by scanning with the probe; 
velocity-computation means for receiving digital signals of the Doppler signals from the Doppler 
detection means and carrying out computation of blood flow velocity from the digital signals; 
multiple frame memories, each of which is for writing blood flow velocity data obtained after 
single scans in time series; acceleration computation means to compute acceleration from the data 
readout in time series from the frame memories and current blood flow velocity data; control 
means to control the acceleration computation means; graphic memory to store the output of the 
acceleration computation means; and display means to display the data stored in the graphic 
memory by reading out in time series. 

Detailed explanation of the invention 
Industrial application field 

The present invention pertains to an ultrasonic diagnostic device for carrying out 
computation and displaying of blood flow rate by using the two-dimensional color flow mapping 
method (CFM method). In particular, it pertains to an ultrasonic diagnostic device that can achieve 
XY two-dimensional display (2-D display) or XYT three-dimensional display (3-D display) of 
blood flow acceleration. In this case, the two-dimensional color mapping method is to enlarge a 
blood flow velocity at a selected specific site measured by carrying out pulse Doppler 
measurements to a two-dimensional cross-section and displaying the magnitude of blood flow rate 
at the cross-section in color. 

Prior art 

As shown in Figure 6, the prior ultrasonic diagnostic device comprised a probe 1, Doppler 
detection circuit 2, analog/digital (A/D) converter circuit 3 for the detected Doppler signals, 
moving target indicator (MTI), velocity computation circuit 4 to compute blood flow velocity 
(VELO), surface-configuration frame memory 5, display circuit 6 to carry out video display 
conversion, and monitor 7. 

When the prior ultrasonic diagnostic device of this configuration is used to carry out, for 
example, a blood vessel pulsatility test, etc., the ultrasonic signals received from the probe 1 are 
frozen, a single dimensional static Doppler pattern as the one shown in Figure 7 (t is image-flow 
time and f is the frequency) is displayed, two points (vi and V2) are determined as a measurement 
marker point with a computer, etc., and the acceleration between them is determined. 

If the vascular pulsatility is poor, the acceleration is reduced to allow clinical diagnosis. 
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However, in a real diagnosis, since the prior art of utilizing the frozen image as described 
above was insufficient it was necessary to determine vascular pulsatility in real-time. 

Therefore, as shown in Figure 8A (in the case of good vascular pulsatility) and Figure 8B 
(in the case of poor vascular pulsatility), the vascular pulsatility is determined in real-time by using 
the CFM method for displaying a two-dimensional color display (two-dimensional color flow 
map). 

In Figures 8A and 8B, if the blood flow is in the direction of the arrow in the case of, for 
example, linear electron scanning, the red display shows a state of the blood O approaching inside 
the blood vessel P, whereas the blue display shows a state of the blood O receding. 

Problem to be solved by the invention 

In a vascular pulsatility test with the prior CFM method described above, the result was 
judged visually from a two-dimensional blood flow velocity color display (two-dimensional color 
flow map), and consequently, it was difficult to judge seriousness of disease (diagnosis). 

The present invention has been carried out to solve this problem. 

The objective of the present invention is to provide art enabling addition of the quantitation 
of blood flow acceleration to two-dimensional color flow map information or three-dimensional 
display information obtained with the CFM method. 

The above objective, other objectives and novel characteristics of the present invention 
will become apparent from the description in this specification and attached drawings. 

Means to solve the problem 

To solve the problem described above, the present invention is characterized by 
comprising, in an ultrasonic diagnostic device, a probe to transmit and receive ultrasonic waves to 
and from a subject to be tested; Doppler detection means to detect Doppler signals from blood flow 
information inside said subject by scanning with the probe; velocity-computation means receiving 
digital signals of the Doppler signals from the Doppler detection means and computing blood flow 
velocity from the digital signals; frame memory to write blood flow velocity data obtained after 
single scans; acceleration computation means to compute acceleration using the data readout from 
the frame memory and current blood flow velocity data; control means to control the acceleration 
computation means; and display means to display the output of the acceleration computation 
means. 

Furthermore, it is also characterized by having, as a latter stage after the velocity 
computation means described above, multiple frame memories, each of which is for writing blood 
flow velocity data obtained after single scans in time series; acceleration computation means to 
compute acceleration from the data readout in time series from the frame memories and current 
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blood flow velocity data; control means to control the acceleration computation means; graphic 
memory to store the output of the acceleration computation means; and display means to display 
the data stored in the graphic memory by reading out in time series. 

Action 

In the device described above, the blood flow acceleration can be quantitatively tested by 
installing an acceleration computation means to compute acceleration from blood flow velocity 
data, adding the blood flow acceleration data obtained by the acceleration computation means to 
two-dimensional color flow map information or three-dimensional display information obtained 
via the CFM method and displaying; as a result, the determination of seriousness of disease 
(diagnosis) becomes easy. 

A pplication Example 1 

The present invention is explained specifically in detail by referring to the figures as 
follows. 

Incidentally, in all figures, those units having the same functions are coded with the same 
numerals, and repeated explanation is omitted. 

Figure 1 is a block diagram showing an outline configuration of the ultrasonic diagnostic 
device of the present invention of Application Example 1. 

The ultrasonic diagnostic device of Application Example 1 has, as shown in Figure 1, a 
probe 1 , which carries out mechanical or electronic scanning to transmit or receive ultrasound to or 
from a test site, and it is equipped with an oscillator functioning as an ultrasound generator, while 
receiving reflected waves, though not shown in the figure. In the figure, the Doppler detection 
circuit 2 is to detect Doppler signals from blood flow information inside the test site obtained by 
scanning the probe 1 described above utilizing the Doppler effect. The Doppler signals output 
from the Doppler detection circuit 2 are input to the A/D converter circuit 3 to convert to digital 
signals. 

In the velocity computation circuit 4, the digital signals output from the A/D converter 
circuit 3 are input to compute blood flow velocity. 

The blood flow velocity data obtained are input into the frame memory 5 and acceleration 
computation circuit 8. The blood flow velocity data read out from the frame memory 5 are input 
into the acceleration computation circuit 8. 

The microcomputer (MPU) 10 is to control the acceleration computation circuit 8, and the 
time difference T between the previous frame and current frame is output to the acceleration 
computation circuit 8. The acceleration data obtained in the acceleration computation circuit 8 are 
input into the display circuit 6 and displayed in color with suitable hue in the monitor 7. 
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The acceleration computation circuit 8 houses a latch circuit 8 A as shown in Figure 2 
(enlarged drawing of the acceleration computation circuit 8 of Figure 1). 

The computation of acceleration An in the acceleration computation circuit 8 is carried out 
with the following formula (1) if the blood flow velocity of the prior frame is Vfh_i, that of the 
current frame is Ve,, and the time difference between the previous frame blood flow velocity Vfh-i 
and the current frame V& is T. 

A.* Vf "-- V " (1) 



Figure 3 is a time chart to explain the operation of the acceleration computation circuit 8 of 
Figure 2, and (a) is the data write cycle time of a frame. Within one cycle of this cycle time (a), the 
read/write procedures are carried out The velocity of the previous frame Vfh_i is read with timing 
as shown in (b), the data Rv 0 , Rvi and Rv 2 are latched in the latch circuit 8A before inputting into 
the acceleration computation circuit 8, and the data after latching are shown by Dv 0 , Dvi, Dv 2 
in(d). 

The velocity data of the current frame Vfh are written into the frame memory 5 with a 
timing as shown in (c) and at the same time are input to the acceleration computation circuit 6. The 
respective data of the current frame velocity data Vfh input are shown by WvO, Wvl, Wv2 

In the acceleration computation circuit 8, the subtraction of Dv 0 and Wv 0 and division with 
T are carried out to determine the result of acceleration Ao, which is output. The subtraction of Dvi 
and Wvi and division by T are similarly carried out to similarly determine the result of acceleration 
Ai, A 2 , A 3 , 

The acceleration information An obtained as described above are input into the display 
circuit 6, added to two-dimensional color flow map information obtained by the CFM method and 
the acceleration is displayed as a bright gray stripe pattern in the two-dimensional color flow map 
as shown in Figure 4A (in the case of good vascular pulsatility) and Figure 4B (in the case of poor 
vascular pulsatility). In this case, the greater the directionality (sharper) of the stripes of the bright 
gray stripe pattern, the larger the acceleration. As a result, it is possible to display the acceleration 
of blood flow velocity quantitatively to determine good or poor vascular pulsatility, etc., in 
real-time. 

A pplication Example 2 

Figure 5 is a block diagram outlining configuration of the ultrasonic diagnostic device of 
Application Example 2. 
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The ultrasonic diagnostic device of Application Example 2 as shown in Figure 5 has the 
configuration of Application Example 1 described above with the frame memory increased to 
multiple memories. In the case of real-time (freeze OFF), the data output from the frame memories 
5 are switch-selected by the multiplexer (MPX) 12, input into the acceleration computation circuit 
9, and the acceleration of blood flow at a selected time phase is determined and displayed. 

Furthermore, the operation of the ultrasonic diagnostic device of Application Example 2 is 
same as that up to the velocity computation circuit 4 of Figure 1 . The velocity data from the 
velocity computation circuit 4 are input into the multiple frame memories 5 and acceleration 
computation circuit 9. In the case of real-time (freeze OFF), the data output from the frame 
memories 5 are switch-selected by the multiplexer (MPX) 12, input into the acceleration 
computation circuit 9, and then the same operation as that of Application Example 1 is carried out. 
The frame memories 5 are written in the order of (1) -> (2) (3) (4) • • • m for every time T, 
and the select S of the multiplexer (MPX) is output correspondingly. After freezing, the data are 
readoutrepeatedlyas(l)^(2)^(3)-^(4)^---m^(l)^(2)^(3)^(4)^---m->(l) 
from the frame memories, and the same subsequent operation as that of Application Example 1 is 
carried out to determine and display the acceleration of blood flow. 

After freezing, the microcomputer (MPU) 10 can select each plane of the frame memories 
5 through the multiplexer (MPX) 12, and the data of an optional address of the selected plane can 
be readout. 

Furthermore, the microcomputer (MPU) can write data into the graphic memory 1 1 for 
graphic display. The acceleration data o£ for example, 8x8 matrices written into the graphic 
memory are output to the display circuit 6 for displaying a portion of 6T time. The display circuit 6 
can display two-dimensional color flow map display of acceleration and three-dimensional display 
prepared with the graphics selectively or simultaneously. The video signals output from the 
display circuit 6 are displayed on the monitor 7. 

In the case of blood flow velocity three-dimensional display, for example as shown in 
Figure 5 A, blood flow acceleration two-dimensional color flow maps are displayed with a time 
series of time ti, t2, t3, * • \ 

Incidentally, it is also possible to allow a microcomputer to carry the functions of the A/D 
converter circuit 3, velocity computation circuit 4, frame memory 5, acceleration computation 
circuit 8 or 9, and display circuit 6. 

The present invention has been specifically explained with the application examples as 
described above, but the present invention is not necessarily limited to the above application 
examples, and it is certainly possible to make various changes within the range not exceeding the 
scope of the present invention. 
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Effect of the invention 

According to the present invention as explained above, the blood flow acceleration can be 
quantitatively tested by installing an acceleration computation means to compute acceleration 
from blood flow velocity data, adding the blood flow acceleration data obtained by the 
acceleration computation means to two-dimensional color flow map information or 
three-dimensional display information obtained by the CFM method and displaying on a monitor, 
and as a result, the determination of seriousness of disease (diagnosis) becomes easy. 

Brief description of the drawings 

Figure 1 is a block diagram outlining configuration of the ultrasonic diagnostic device of 
the present invention of Application Example 1 . 

Figure 2 is an enlarged drawing of the acceleration computation circuit of Figure 1 . 

Figure 3 is a time chart for explaining the operation of the acceleration computation circuit 
of Figure 2. 

Figure 4A is a two-dimensional color flow map in the case of good vascular pulsatility. 

Figure 4B is a two-dimensional color flow map in the case of poor vascular pulsatility. 

Figure 5 is a block diagram showing the outline configuration of the ultrasonic diagnostic 
device of the present invention of Application Example 2. 

Figure 5A is a drawing showing an example of blood flow acceleration three-dimensional 
display image. 

Figure 6, Figure 7, Figure 8A and Figure 8B are explaining problems of the prior ultrasonic 
diagnostic device. 

In the figures, 1: probe, 2: Doppler detector circuit, 3: A/D converter circuit, 4: velocity 
computation circuit, 5: frame memory, 6: display circuit, 7: monitor, 8 and 9: acceleration 
computation circuit, 10: microcomputer (MPU), 11: graphic memory, and 12: multiplexer (MPX). 
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